What is the role of news shocks in the macroeconomic fluctuations in the Japanese economy, and what is the source of the news shocks? In this paper, we estimate a structural-vector-error-correction model (SVECM) and assess the relative role of news shocks on future total factor productivity (TFP) following the methodology of Beaudry and Portier (2005) . We find that anticipated technology plays a substantial role in explaining the Japanese macroeconomic movements. To answer the second question, we investigate whether the TFP process in the U.S. can be the source of the Japanese news shocks. We identify U.S. TFP shocks in both surprise and anticipated forms and capture the international technology diffusion process. We find that the U.S. TFP shocks can explain a large part of the Japanese TFP process in the long run, and contributes considerably to the Japanese macroeconomic fluctuations.
Introduction
News shocks are a dark horse in the understanding of macroeconomic fluctuations. Portier (2005, 2006) insist that expected shocks are an important force behind business cycles. Using two identification schemes in the structural vector auto-regression (SVAR) model with co-integration vectors, they found that when the anticipated TFP shocks are informed to the market, forward looking variables such as stock prices react to the changes in expectations instantaneously, even before TFP actually changes. Beaudry and Portier (2005) found two almost co-linear shocks under two polar identifying assumptions for the U.S. and Japanese economies. They found that in the Japanese economy, like in the case of the U.S., news shocks are an important force, and the negative news shocks occurred at the beginning of the 1990s. Extending the work of Beaudry and Lucke (2009) , Ko and Miyazawa (2010) explored several alternative identification schemes with more variables to assess the relative role of news shocks, and found the similar results.
In this paper, we investigated the role of news shocks based on SVECM, estimating news shocks in Japan based on the existing literature. The identification method used is an extension of Beaudry and Portier (2005) , imposing both impact and long-run restrictions. Our benchmark variables are: measured TFP, an index of stock prices, and hours worked. Like Beaudry and Portier (2005) and Ko and Miyazawa (2010) , we found that news shocks have been an important source of macroeconomic fluctuations in Japan over the last 40 years.
Second, we investigate the source of news shocks in Japan and the international spillover effect of TFP. Technological diffusion has been discussed in many previous works. For example, Parente and Prescott (1994) and Eaton and Kortum (1997) developed models of technological diffusion to analyze Japan's development miracle. Braun, Okada, and Sudo (2008) emphasized that an analysis of the factors leading to the growth in Japanese TFP indicates that the diffusion of business ideas from the U.S. has been an important ingredient in Japan's macroeconomic growth. Therefore, to explore the technology diffusion effect, we extend the SVAR model in two ways.
We include the measure of U.S. TFP in the benchmark model because it may influence Japan's future TFP. Thus, there are three candidates to increase Japan's future TFP in the four-variable system: surprise TFP shocks, news shocks, and U.S. TFP shocks. We set almost equal restrictions on the Japanese and U.S. TFP shocks, and hence, open the possibility that TFP in one country can influence it in the other. Our main findings are as follows. First, from the impulse responses, we observe technology diffusion between the two countries. The estimated news shocks in Japan start to increase Japanese TFP three years later. After the innovations in the Japanese stock market, U.S. TFP lags Japanese TFP, although the effect is statistically insignificant. On the other hand, U.S. TFP innovation significantly increases Japanese TFP four quarters later. In other words, the current innovation of U.S. TFP offers the indication that Japanese TFP will also increase in the near future. Second, the forecast error variance decomposition shows that a considerable fraction of the Japanese TFP in the medium and long run is explained by the U.S. TFP shocks. However, the contribution of both of surprise and news shocks in Japan is minor in explaining the variance of U.S. TFP. Third, the role of news shocks, which rarely have information of U.S. TFP in the four-variable system, becomes limited. Fourth, surprise TFP shocks in Japan can explain the short-run movement of Japanese TFP but have little effect on U.S. TFP.
Another extension is to investigate the role of news shocks on U.S. TFP. Inclusion of U.S. stock prices instead of Japanese stock prices enables us to identify the U.S. news shocks. We find U.S. stock price innovation starts to increase U.S. TFP around one year later, and then increase Japanese TFP around two years later. We find that news shocks on U.S. TFP play a major role in explaining the movements of Japanese TFP and macro activities in the long run.
The paper comprises three sections. Section 2 describes the identification procedure and the VAR. The benchmark results are presented in Section 3, while Section 4 conducts a robustness check. Section 5 concludes the paper.
SVECM

Econometric Model
This section presents our framework of the analysis: SVECM following Beaudry and Portier (2005) , Beaudry and Lucke (2009) , and Ko and Miyazawa (2010) . We use both short and long-run restrictions, which enable us to identify news shocks and to link the technology diffusion processes and business cycle fluctuations. In this benchmark case, we identify the following three shocks: surprise TFP shocks, news shocks, and demand shocks. The following measures are used to work with a three-dimensional SVECM: measured TFP (tfp), stock price indices (sp), and hours worked (h 
Identification
L can be interpreted as a long-run multiplier matrix of the structural shocks t  , whereas B is the corresponding
restrictions on B and L . The three-variable system requires three restrictions for just-identification.
We identify news shocks on the basis of previous literature. We assume that only surprise TFP shocks can have an impact effect on tfp. News shocks are assumed to be orthogonal to the measure of TFP on impact. The difference between news shocks and demand shocks lies in the long-run assumption. We assume that news shocks have the potential to permanently change the future TFP, while demand shocks are identified as all kinds of shocks that are orthogonal to TFP in the long run. Three restrictions are imposed under these assumptions which are summarized in Table 1 .
Data
We use three variables to identify three structural shocks in the benchmark case. Japanese data for measured TFP,
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A constant is included as a deterministic term. The Akaike information criterion (AIC) reveals that three lags in levels are recommended. Johansen tests find one co-integrating vector; this result is consistent with that of Ko and Miyazawa (2010) , who used a four-variable model.
Main Result
Figure 1 displays the impulse responses (IR). The variables are ordered as tfp, sp, and h in each row. Responses to surprise TFP shocks, news shocks, and demand shocks are listed from the left to the right panels. The first column shows IRs to the surprise TFP shocks. The measured TFP permanently increases with positive stock prices. The response of hours worked in the third row shows a negative sign, which is consistent with the New Keynesian theory. The second column depicts IRs to news shocks. After the stock market innovation, the response of tfp displays small fluctuations in the short run, and then, starts to increase around 12 quarters later. The response of hours worked is positive, which reflects the boom before the realization of TFP. These findings are consistent with the previous news-shock-business-cycle literature. The demand shocks increases the hours worked by definition, while the effect on tfp is insignificant. Figure 2 shows the forecast error variance decomposition (FEVD). From FEVD, we can observe the relative contribution of each shock. Surprise TFP shocks explain more than 90 percent of the tfp movements until 30 periods ahead. However, more importantly, the contribution of news shocks to the tfp variance increases sharply throughout the periods. The fractions of tfp movements explained by news shocks are 10 percent 35 periods later, and 25 percent 50 periods later. The contribution in the long run, that is, 200 periods later, reaches around 80 percent.
For a robustness check, we re-estimate the model with other macro activities such as output, investment, and consumption. We have not display these results, but the estimated FEVDs of tfp and corresponding macro activities show almost the same shape. In all cases, it is observed that the contribution of news shocks on tfp is increasing. Furthermore, news shocks play an important role in explaining macroeconomic fluctuations.
The Role of the U.S. TFP as the Source of the Japanese News Shocks
In the former section, we find that the news shocks explain a substantial fraction of the Japanese macroeconomic fluctuations. In this section, we investigate whether the technology process in the U.S. can be the source of news shocks in Japan.
U.S. TFP
Parente and Prescott (1994) find that a lowering of the barriers of technology adoption after World War II helped Japan establish its development miracle. More recently, Braun, Okada, and Sudo (2008) find that movements in Japanese TFP are associated with prior movements in U.S. R&D expenditure. In this section, therefore, we investigate the technological diffusion effect in the post-war Japanese economy, taking the U.S. TFP shock as another candidate to explain the news shock in Japan.
Co-integration of Japanese TFP and U.S. TFP
We start by testing the hypothesis that there is no co-integrating relationship between Japanese TFP and U.S. TFP. Rejection of this hypothesis would imply that the two time series are co-integrated. We perform Johansen's trace tests for co-integration. The results are shown in Table 2 . The Johansen test rejects the null hypothesis of zero co-integrating vectors at a confidence level of 99 percent. In other words, Japanese TFP and U.S. TFP are driven by a single stochastic trend.
Main Results
To find the role of U.S. TFP, we include measured U.S. TFP in our SVECM estimation system. The dependent variables are ordered as follows: measured Japanese TFP, an index of stock prices, measured U.S. TFP (tfp_US), and hours worked. Table 3 reports our restrictions to identify four structural shocks. Three lags are recommended by the AIC. We find one co-integration by Johansen tests. The first and second shocks are surprise TFP shocks and news shocks. Surprise TFP shocks in Japan are identified to be exogenous on impact. News shocks identified are those that are believed to be orthogonal to measures of TFP in both countries on impact. We open the possibility that the news shocks may influence U.S. TFP as well as Japanese TFP. We put slightly severe restrictions on the third shocks. It is assumed that the U.S. technology innovation cannot influence Japanese TFP within three months. Our alternative assumption is that surprise TFP shocks in Japan have no impact effect on U.S. TFP. We estimate the model with this alternative assumption in the robustness check. Demand shocks are assumed to have no effect on technology processes. Figure 3 displays IRs under the four-variable system. IRs to the surprise TFP shocks, news shocks, and demands shocks are almost the same as the benchmark case. Our estimated news shocks in this section start to increase Japanese TFP 12 quarters after the stock market innovation. Furthermore, after the stock market innovation, the U.S. TFP also starts to increase around 24 quarters later, although the effect is insignificant. On the other hand, U.S. TFP shocks seem to have a permanent effect on Japanese TFP. However, there is a lag in the diffusion process. It takes around three to four quarters to increase the Japanese TFP, which reflects the international technology diffusion from the U.S. to Japan. In this respect, U.S. TFP shocks looks like news-type shocks to the Japanese economy. Figure 4 depicts FEVDs under the four-variable system. In the tfp case, the short-run movements are explained by the surprise TFP shocks in Japan. However, the contribution of the U.S. TFP shocks becomes dominant in the medium and the long run, explaining more than 70 percent of the movements 50 quarters later. The second and the third panels show that most of the movements of Japanese stock prices and U.S. TFP are respectively explained by news shocks and U.S. TFP shocks. The contribution of each shock to hours worked is displayed in the fourth panel.
The contribution of the U.S. TFP shocks is observed to be considerable.
Robustness Check
Other macro activities
As a robustness check, we re-estimate the model with different macro activities instead of hours worked. Two lags were recommended for output and consumption, and three lags for investment by AIC. In all the cases, one co-integrating vector was found by the Johansen tests. Figure 5 displays FEVDs of Japanese TFP and macro activities. FEVDs of output, investment, and consumption are displayed in descending order. In all the cases, the estimated U.S. TFP shocks explain a substantial fraction of the medium-and long-run TFP movement in Japan in the left column. In particular, the contribution is considerable in the investment case. The contribution of U.S. TFP shocks on macro activities is also sizable. Therefore, we conclude that news shocks are important in explaining Japanese macroeconomic fluctuations but many elements of the news shocks originate from the U.S. TFP.
Alternative identification scheme
We impose slightly more restrictions on the U.S. TFP shocks. Therefore, we consider the opposite case imposing more restrictions on the Japanese TFP shocks. Table 3 reports the alternative restrictions. We also perform many robustness checks with possible restriction schemes and find that the estimated results were almost the same as in the former case.
U.S. stock prices and U.S. TFP news shocks
Estimated news shocks on Japanese TFP turn out to have an insignificant effect on the U.S. TFP. Moreover, by construction, the estimated third shock is a surprise shock because the U.S. TFP increases on impact. However, as Beaudry and Portier (2006) and Beaudry and Lucke (2009) emphasize, TFP news shocks in the U.S. are the driving source in the U.S. macroeonomy. Therefore, we investigate the role of the U.S. TFP news shocks on the Japanese economy. To identify the U.S. news shocks, we use the Standard & Poors 500 index (SP 500) in per capita. The order of dependent variables is as follows: measured U.S. TFP, SP 500, measured Japanese TFP, and Japanese macro activity such as hours worked and output. The identification scheme is the same as the benchmark case and reported in Table 5 . Notice that we put equal restrictions on two surprise shocks.
The estimated news shocks start to increase measured U.S. TFP around four to five quarters after the U.S. stock market innovation. Japanese TFP also starts to increase eight to nine quarters later. Observed impulse response implies that it takes one year for the U.S. technology to be transferred to Japan. The contribution of U.S. TFP news shocks is listed in Table 6 . In all cases, the contribution of U.S. news shocks on measured U.S. TFP is strictly increasing as time goes by. This finding is consistent with Beaudry and Lucke (2009) . More importantly, their contribution to Japanese TFP is also increasing. Consequently, the effect on Japanese macro activities is substantial especially in the long run. We do not list consumption because we did not get the proper results on IRs.
Conclusion
What is the source of Japanese business cycle fluctuations? We answer this fundamental question from the perspective of the SVECM approach, in line with Beaudry and Portier (2005) and Beaudry and Lucke (2009) . In the benchmark case, we came up with the same key finding as Ko and Miyazawa (2010) : technology shocks are important to explain the variance of macro activities, but many parts are anticipated.
We investigate the role of U.S. TFP on Japanese macroeconomic fluctuations in two ways. We adopt the measured U.S. TFP as an alternative candidate of the driving force. The order of dependent variables is as follows: measured TFP in Japan, Japanese stock prices, measured TFP in the U.S., and Japanese macro activities. Our main findings are as follows. First, the estimated news shocks in Japan start to increase Japanese TFP three years later. After the Japanese stock market innovation, U.S. TFP lags Japanese TFP, although the effect is statistically insignificant. On the other hand, U.S. TFP innovation significantly increases Japanese TFP four quarters later. Second, the forecast error variance decomposition shows that a considerable fraction of Japanese TFP in the medium and long run is explained by the U.S. TFP shocks. However, the contribution of both of surprise and news shocks in Japan is negligible to explain the movements of U.S. TFP. Third, the role of news shocks captured by the Japanese stock market innovations, which rarely have information of U.S. TFP in the four-variable system, becomes limited. Fourth, surprise TFP shocks in Japan can explain the short-run movement of Japanese TFP but have little effect on U.S. TFP.
As an alternative approach, we use both U.S. TFP and U.S. stock prices. The order of dependent variables is: measured TFP in the U.S., U.S. stock prices, measured TFP in Japan, and Japanese macro activities. Our estimated news shocks in the U.S. start to increase U.S. TFP around one year later, and then increases Japanese TFP two years later. News shocks on U.S. TFP explain substantial parts of Japanese TFP and macro activities especially in the long run. 
